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® Continuous sonlcatlon niettxxJ tor preparino protein encapsulated mlcrObubblas. 

@ An ultrasonic Imagino agem is produced by a 
continuous sonication processing of an aqueous so- 
lution of heai-densturabliB biocompatibte prat^ "Hie 
Mtution if cwfuBy pratwated to a tampeiibire d 
Incipient pnrtein denaturation without formlnQ In- 
solublDzed pfotoin. A gaseous fl\AJ, preferably dr. ta 
added to the aoluflpn.; \n the sonicafion. the efr- 
comalning solullon is idamed, Increa^ the torma- 
tlon and concentration of microbubbtes, and the so- 
CNiution is further heated to insoMrilize a portion cjf the 
<protein, thereby encapsuMing the mlcrobi43bias and 
<0fonnlng partlcutatB 
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CONTINUOUS SONICATIOM METHOD TOR PREPAWNQ PHOTON BIGAPSUtATED irtaWWMtES 



FIELD OF INVENTION 



This inyeniion relates to uttrasonic imaging of 
the human body for diagnoslic purposes: and. 
more particufarly. to the preparation of uftresonic 
knaging agents by sonicatlon of-prolein solutions. 



BACK6R0UI«) OF INVENTION 



II has been known dince 1^68-70 that oonlrast 
echocardiography can be used to delineale in- 
tracarcSac structures, assess valvular competence, 
demonstrate tntracarcfiac shunts, and Ideritifv peri- 
cardia] effusion. (Gramtak and Sha^ 1968; and 
Feigenbaum et aL. 1870). Ultrasonic imaging o( the 
hewt polentialy lias hnpodarrt advantages of con- 
venience, safety, and reduoedi cost over preeent 
diagnostic procedures, such as .angiography, wtvch 
requires the use of rscfio-opaque dyes for X-ray 
imagir>g. or the use of ladionucGde imaging agents 
for radioimaglng. However, jpiisgress in practical 
applications of uRrasonic ima^ng has been de- 
layed the lack of effective dintcallyusable im- 
aging agents. 

Uttrasonic imaging ultiBzes an uttrasonic scarv 
ner to generate and receive sound waves. The 
scanner is placed on a body surface overlying the 
area to be imaged, anti sound waves are directed 
toward that area. The scanner detects refleeied 
sound waves and translates that data into images. 
When ultrasonic energy is trartsmitted tfwough a 
sut)siance. the aoousDc properties of the stitistanoe 
depend upon the velocity of the transmission and 
the density of the substance. Changes in the sub- 
stance*! acoustic properties ' {9J0n variation in 
acoustic Impedance) are most p r om i nert at the 
interfaces of cfifferent substartces. such as a liquid- 
soQd or liquid-gas interface. Consequently, when 
uttrasonic energy is directed through media, 
changes in acoustic properties wiO result in more 
intense sound reflection sign^s for detection by 
Hie ultrasonic scanner. 

Ultrasonic imagjifig agents ican consist of small 
solid or gaseous particies which, when injected in 
the drculatory system, provide improved sound 
reflection and image dartty. Microbubble-type Im- 
aging agents consist of minute bubbles of a gas 
(usually airi which are dispersitd in a carrier Bquid 
tor parenteral ir^ectlon. The l-micnabubbies* are 
carried by the circufaiofy system to this organ 
being imaged. 

It has been proposed to lonn a dispershan of 



9ir microbubbles In a wann aqueous getatin sokt- 
tion. and cooing ihe solulion to a soSdificaSon 
tompentfure to trap Ote mtoobUbbtot For admb^ 
istrtfoa the geoed (Sspersionis to be warmed tfiS 

5 a iquefies. and parerteraBy admfrBStered with the 
mkaobubbles dispersed in the liquefied gelatin. 
(Tickner. et al. u:s. Patent 4.27B.88S: and Ticfcner. 
et al. Naitonal Technk»i Intormatian Service Re- 
port HR-6S217-1A, April, 1877). Getottrti ap pod 

90 ffliefobubbles on Mrodudion into Ihe btoodstnam. 
have a short lifetime. They rapidly dss«>ata. An- 
other tfsadvantage is that Bw fhtoobut)bles are too 
large to pass through capillary beds, and are there- 
fore not swtabte tor heart imagng by peripheral 

rs imravenous adrnkustntioru 

The disoovery by Dr. Steven a Feinsiein d 
8oricaitor»:produoed micnftubbto imaSMig ager«s 
representod an impbrtam advance in tMs art UsHig 
viscous aqueous aohrtions. such as 7t)> sorbitol or 

so dextrose. Dr. r e lns tc in produced a (Aspersion off 
miciobutibies by high eneigy sonicatton off the . 
sokitions. The resultiog mksobubbles had soss 
■lass than. 10 microns, and were capable of pasasng 
tfwough capAary beds. The peisislenoB ol tfie 

K niicfdbiibbles..anhoughoiltheorder Of atowmiri- 
utes. permitled the imaging agent to be prepared 
and administered intravenously lor heart imagtfig. 
(Feinstein. et aL. 1964: and Feinstein U.S. Patent 
4.57^203.) 

30 Subsequendy Or. FMnstein sought to fanpnove 
the per sl sterce of the microbubbles. He iound tfiat 
by sontoatt on of a hea!<eensit}ve protein, such as 
albumirv mksobubbles of improved stability were 
dOtSaned (Feinst«n U.8. Pasents 4,572.203 and 
IS 4.7ia433). Concentrations of miorobubblee of 10 
to 14 a 10^ mlcrDbubbies per mUBBier were Ob- 
tained with tMit)lile tizes from 2 to 0 mlcrans 
(Keller. Feinstein. and Watson. 1087). The mlcrp- 
bubbtes perslstad for 24 to 28 hours. However, 
40 sonicaflon-produoed albumin microbdbble imaging 
of Feimtein was riot sufRdently stable for commer- 
dal manufacture. 

SlafaUities of Ihe order of weeks or moitfhs 
(rattier than hours or days) are required to peinitl 
46 an imaging agent to tie manufactured at a oarttral 
location and distributed to hospitals In the Untted 
States and other countries. Fior oommerdany fsft- 
Bible rhanutacture. shipment and hospHsl storage 
, prior to use. a stabifty time of at least. tour weeks 
90 is needed and preferably 81 least eight weeks, or 
loriger. Abo. for Ihe most eflectiwe imaging, .tt Is 
desiratMe to fiave the higtiest otMainat>ie concentra- 
tion of mkaobubbies in (he imagirtg agent An 
imaging agent of very high miorotwbble ojnce m r a * 
tion is inherentty better.- and a safety factor is 
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providad. These advances in the soniGattan Qenera- 
tion of albumin encapsulated nticrabubbles have 
been partially actiieved by Molecular eiosysiems« 
bic. San Olago. CA. TYie experimental *ALBUNEX' 
product of W$ company comprises mtuuspheres 
having miciofaufable centers wHh insoUbiRzsd al- 
bumin wafis. 

Prior to the present invention. Iwwever. tt» 
'ALBUNEX* nnicrospheres have only been pre- 
pared n small quantities on a b8tch4>y-tatch basis. 
It was net known whether large scale commercial 
production was feasible. No one knew how micro- 
bubbles encapsulated with albumin could be pro- 
duced on a continuous basis while obtaining size 
control, high microbubble ooncentralton, and long- 
leim ststiiSty. 



SUMMARY OF INVENTION 



This invention provides a sonication method for 
continuously producing mkao s pheres compiising 
protein encapsidated miorobubblea In oontrelied 
amal sizes. effOcUve ou n cw U iM to n ranges, and 
commerctaliy and cSnically pracfical stabiCties. As 
in prior practioe. a dHuta aqueous eolution of a 
hesHl^natursbte, water-colubta. biocompatible pro- 
tein Is pmpaied. For example, as In prior pracHoe, 
a sterile S% aqueous solution of humen serum 
albumin can be used. For continuous production, it 
has been found to be crttical to repkfly heat incre- 
ments of the protein solution to a temperature of 
incipient denaturation for the protein. An indirect 
flO¥Hhrough heat exchanger can be used for this 
purpose, but it is important the the tempera&ae of 
the heat exchange iquid medium be cerehdy con- 
trolled. Essentially the heat exchange medum 
should be at the desired tndpient denaturation tam- 
peraturo. At the conchision of ttie rapid heating 
step, the protein solution is on the verge of de- 
naturation but Should not contain denatured prptem. 
The heating to the temperahire of incipient denabr- 
afion Is earned out without appreciate protein In- 
sohjt>i(i2ation. 

Another critical feature of the process b to 
introduce a biocompatibie gas into the protein aolu- 
tioa Sterile air Is preferably emptoyod for Ws 
purpose. The introduction of air provides an eicoess 
of air lor formation of the cn i ciosp he rBS. Air addi- 
0on can be carried out before, during, or after the 
heating. In a pretened procedure, however, the gas 
is introduced Immetfately following the heating, 
concurrentty with the introduction of the heated 
solution into the sonicatlon chamber. 

The gas<3Qntaining: heated increments of pro- 
tein solution are oontinudushr passed through a 
chamber endoaing an operating sonicator, which 



provides a sorucator horn In contact with the sob- 
lion lh9 eorvcation produces gas micrcbubbles in 
the solution while the protein therein to quicMy 
heated to insotubiKze around the microbubble. 

S Since the solufion has already been heated to a 
tempwature of'lndpient denahinlion, only a tew 
degrees!of additional heating is required to pn- 
dtce the Insohibifized protein, which torms the 
waBs of the microspheres. 

TO The formation of a large popuWion of minuto 
microspheres (less than 10 rrtaons in dtameter) 
takes place with extreme rapidity due to the excess 
air present fin the soMion. The insohibilized al- 
bumin Is formed wfth equal raphSty because Of the 

IS prefieBtod oondilton of the sohiflon. Bwse tectocs 
result in extremely rapid formation of Ihe prot^ 
encBpsulatad microbubbles, referred to Iwrein as 
'micraspheres*. The re si dence fime of a sokrtion 
toovment in the aonlcetor charriber can be >«ry 

so brief. 

By the method of this invention It is posslbte to 
taim the mtarbsphers fmaoino agent on a oor>- 
ftious. Mgh^rodudton basis. The ebluten as die-, 
charged f^ the eonication chamber aheady oorv 

29 tains the stable, sman size, protnn-encapsutated 
microbubbles. Qnly a small amount of overaiDe a 
undersize microspheres are preeent This aGmW 
■naies tlie need lor any ihne<o«isumlng tracdona- 
lians. Interoe fOaming of the solution occurs during 

ao the eonicetton. and the eolution as discharged born 
the soniceflon 'chamber will have a toamy etiar- 
actor. But the foam can be easily dissipatod. 



THE DRAWINGS 



The sonicalion method of iNs Invention tor 
continuous production of altximin encapsulated 
40 mioobubbies Can be carried out in a sequence of 
cperaSons. These operations are Uusirated dia- 
grammatlcaly by the accompanying drawings. In 
whlch- 

RG. Its a flow sheet Bhistratlng the prepara- 
4s tion of the albumin solution: 

H3. 2 is a diagrammatic flow sheet ol the 
aonication operation, tnduding the preheating, air 
Introduction, end conttnous sortodionc 

RQ. a is an enlarged cross-sectional view of 
so a sonicator which may be used instead of the 
aonication vessel of FIG. 2; 

fno. 4 Is a ftow sheet illustrating the further 
processing of' the suspension of albumin rnicro- 
spftores in a aeparatorcohcen&raton end 
S8 TO. S Is an attemaie si^^torroonoantrator 

which may be used instead of the apparatus illus* 
treted in FIG. 4. 
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DETAILED DESCRIPTION 



The starting malaria} for practicing tins invov 
tion IS an aqueous solution of i heat<49naturabt8. 
waler-Goiubte biocompatibte protBin. The encapsu- 
lating praiein ahcuU be heat-sensilive so mat it can 
be partially insoiubilized by heating during sonica- 
ton. More spedficaRy. coincident with the stsnica* 
tion. a small portion of the cfissotved prot^ ma- 
terial is rn$otub{Gzed This results in a smaO volume 
of solid phase materiats. which lonns the encap- 
sulating layers around the mloosph^fes. Heat-sen- 
sitiva proteuo may tie used atich as albumin, he- 
moglobin. coQagen, etc For administration to hu- 
mans, human protein is prefetrod. Human serum 
albumin (HSAl is espedaSy suhable. HSA b avail- 
able commerciaBy as a sterile: 5% aqueous solu- 
tion, which can be used tfractly as the starting 
malsnal lor preparing the micfDspheres. lloweiror, 
other concentrations pi aBiumin or other hsal^le* 
natunbie proteins can be used; HSA oonoentratton 
can be varied, tor example, within ihe range flnom l 
to 25% bff wetghL in the continuous process of Oie 
present invention, it is destrable to utiize Ihe pro- 
tein in the form of a tfUite aqueous sotution. For 
albumin, il is preferred .that the solution contain 
from Oj5 Io 7.5% by weight of the altMmln. Be- 
cause of the extremely tavoratito coridlfions estate 
Rshed for microbubb l e generation, proletn in- 
8o(ut)iUzation. and resutting encapsulation, concen- 
trations within 5% albumin may be :used. such as 
from 0.5 to 3%. . 

Commerdally-available equipment may be 
used in practicing this inventiori The feed prepara- 
tion operation utilizes stainless .steel tanks arid pro- 
cess niters which can be obt^rted from Waflcer . 
Stainless Equipment Co., New Lisbon. Wl and 
Milfiporr. Bedford. MA. respectively, as weH as otti- 
er companies. TMs o peratio n Insures that aB feed 
media to be sonicated wW be jconslsteni with FDA 
requirements and regulations. . 

The sonication operation utilizes both a heat 
exchanger and a flow through sonicating vessel, in 
series. Heat CKchanger eqispment this type can 
be obtained from ITT Standard. Buffalo. New York, 
and other companies. The hdat exchanger- main- 
tafns operating temperBbne for Ihe so n ica ti oo pro- 
cess. Its temperature oootnpl df the sonication me- 
dia ranges from 65'C ID 80*C depending on the 
metfa's rruAeup. 

Sonication equipmern's vibration frequencies 
can vary over a considerable range, such as Irom S 
to 40 kilofwftz pcHzi. but most commerciaBy -avafl- 
able sontcators operste a! 20 9(Hz or 10 Wx. The 
20 kHz sonicators perform well for purpose of this 
irtvention. Such sonicating equipment can t>e ot>- 
tained from Sonics & Materials. Inc.. Oanbury, CT. 



and ottier comp an tes. Sonks & Materials Vibra-CeB 
or sirnStf model can be used with a flat tip soncd- 
tor horn, the power applied lo the sonicatix hom 
can be varied over power settings acalad from t lo 

s 10 by Ihe manufacturer, as wtti Sonics A fttattriato 
Vibra-Cea Model VL1500. An kttemwfaae power 
setting can be used (viz. brxn S to 9). The vftra- 
tional frequency and the power rhusi be 

sufficient to produce cavitatton in the iqu«) being 

w soriicated. Feed ftow rates range from SO ml min to 
1000 ml/mln. Residerice times in the s onic a tion 
vessel can range from 1 sec to 4 mins. Gaseous 
fkjid addition rates range from lOoembi to 
lOOcclmin or 5% to 25% ol the feed flow rate. 

IS Sonication is deliberately canied out in such 
manner as to produce intense toamkig of the soto- 
tion. contrary to conventional sonicaflons. where ft 
is destrable to avoid foaming. For. the purpose of 
Ifie prosent invention, foaming arid aeiosolatMig are 

ao important tor obtaimng the imaging agent ol en- 
tianced conoentration and sisbiily. To promote 
fr}aming. the povw input to.the eoncator hom may 
be mcreasad. as weO as operating the process 
under sSght pressure (i&. 1-5 psi). The foaming 

29 produced from tKe so nication b immediately de* 
toctsbla by the ctoudy a pp ea rance «f ttie solution, 
and t>y the toam pio d uced. 

By means o< 0ie continuous sortication , pro- 
cess, ctvnprising tfte cavitation phase foOowed by a 

30 foaming phase, the. concentration of the encap> 
sulated rrticrobubbles. referred tc herein as 
'microspheres*, can be grsatfy increased. Con- 
centrations In excess of 40 x 10* microspheres per 
miinilter are easily obialnabla. sutfi as from 40 to 

35 200 X lO' cmiee n u ations . Moreover, ttie resulting 
microspheres wOl be predominately of diameters 
less than 10 microns. For example. 80X or more of 
the microspheres can hve diameters in the range 
from 1 to 9 microns with a mean diameter.of 4 to 6 

40 -necrons* 

When ttw sohicatfon Is carried out in contact 
wKh air as the gaseous fluid, the microspheres win 
have air centers. Air Is beleved to be the most 
convenient gaseous HuM. but if desired sonication 

4s* could bo carried out under other gaseous fiukls 
(viz.. nitrogen, oxygen, carbon tfoxide. eto.). 

The continous sonication process allows .for a 
continuous or at least a * semi^ontinuous 
separatiorvconcentratioTY operation. AQsm a .8tBir>* 

80 less steel tanlc^«ssel can be ob&ined from WaBoer 
Stainless Equipment Ca. New Usbon. Wl, or . other 
companies. The separatiorvconoentrs&on operation 
allows tor total control of the product output in 
• terms of mfcrosphers corxsentratioris and overall 
* 9S means sphere size. 

Since nucrospheres are txx)yant they tend to 
rise to the surface of the cfispersion. By hok£ng tfie 
dispersion witixnit agitation fer a number of hours 
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{viz. tori toe hours), most of the micresphefBS will 
Hsa to the surface irvl .oonoentraie bi an upper 
layer above the darffied sobitiorv By thts 
separatlQn/tooncentrsflon operation or -ftoat-cepara- 
tion* of the microspheres microspheres Into an 
upper layer, portions of the darffied solution can be 
removed from beiow this miaospheres, thereby 
obtaining a dispersion of greater microsphere con- 
centratloa Fdr exmple, 'from .50 to 75% of fte 
solution volume may be vismoved in this oonoentra- 
lion process. This darified aohiUon may be le- 
cycled back to the feed preparation operation. 

If needed, either before or after the. above- 
described concentration.: floel-separafion of over- 
sized microspheres can be obtained. Large size 
fnioospheres such as one having diameters great- 
er than 10 microns have relatively greater Uioy* 
ency. They v«»ai therslore rise more rapidly to the 
surface of the solution. 8y utilizing a short holding 
lime, such as from IS to 45 minutes, the largest 
size microspheres can be selectively eonedsd m a 
small upper layer above • disperslQn wNdi wfl still 
contain substantlaOy an - of the microspheres of 
smaU size. By removing; this m i cr os phere disper^ 
sion from beneath the ilayer of overeize micro- 
spheres, a fractionation may be «rfiieved In which 
the larger microspheies win remain in the vesad in 
ivhich the frac^onalion Is canted out However, the 
Inherent abe control obtained by the oontimious 
sonicadon of this invenlidn makes K unneces sar y to 
carry out lengthy seperation steps tor removal of 
over or under size microspheres. 

The Imaging agent produced by this combina- 
tion of continuous sonication and the 
eeparationAconcentFation can have a 
homogene o usly-disperssid ooncenfration of greater 
than 22 x 10^. auch as from 100 to 1200 x 10^ <1 
to 12 X 10*) mioospheiies per mnciitor. High con- 
centrations can bo rhalntained for tong periods of 
hokfing at ambient nDorh temperatures (20^*0): 
Conoentretions above. 200 and typtoaily above 44 x 
10^ microspheres per fiUIHfiter can be maintained 
tor perfoda of at least f^ and usually elgtit weeks 
or kmger. 

ILUUSTRATIVE EMBOOIMENTS 

Rgur«s 1, 2 and 4 Wustrate the three oper- 
ations of a manufacturing plant for producing the 
microsphere Imaging agent The feed medium, 
comprising the albumm solution. Is first subject to a 
leed preparation operatiort. The medium is then 
transported to the sonicatfon operatton. After the 
medium is heated and iBaseous fh*J is added, the 
medium Is sordcated. Ik Is then tta nsport sd to a 
separation operation, where the microspherea are 



c u n uwili ' ale d. The dadfied medium can be re- 
moved from the microsphere, suspension, and re- 
cyded beck to the feed preparatkjn operaflon. 

Rgure 1 details the feed pieparafion. The toed 
metfium b pumped through a series d aara to 
vaSdate the laed medum indar FDA spedBcafions. 
The fitterod modiim to then plaoed In one or more 
toed t«*s for the sonlcsiton operatkn. 

Figure 2 details the sorticaSon operafioa The 
medium Is passed through a now consrd vdvo and 
a heat exchanger betore entering the aonteation 
vessel. A gaseous Add. preferaUy air, is intro* 
ducod into the feed madum dther att or betore Oie 
sonicafion vessd at a cwi i ioHed late. For exampte. 
dr may be suppled from a pressurized souce. 
such as bolted compressed dr. or suppfied .by an 
air ptvTp. Tha dr should to in starftzed condition 
before it U edded to the sokdon. 

Rgure 4 oetBils the separation and oonoentra- 
ilqn operatxMi Hera the microspfieres' are oonoen- 
tated by flod-Mpardton at or near the top d the 
vusd. whk* may contain a static ddoamer as 
shown. TWs detoamer can also a erve to dsnjpl 
large size microspherea whidi are floating on top 
of 0w aduSon. The nncrospheres concentrate n 
seiec0ve)y removed. The dartfied medkxn In the 
bottom d Itte separator can be transported tiack to 
the toed preparation operaSon and recyded ta iNs 
racydtog, an sold maarld and pvddes are re- 
moved, teaving only the preteiii to sduttoa 

Rgure 2 Biustrates the operation whidt is the 
heart d the process. As Indicated sn Insulation 
jacket surrounds the heat exc^langer and sodcator 
vessd. The prepared atounto sdulion is pumped 
tfirdugh a flow meter confrdtor into me feed end d 
ttw tube and shefl heat exchanger, to toe hed 
exchanger. Ifie altximcn solutton pjasaes ttvough 
multiple tubes which extend to toe dsdarge end 
of the exchanger. Theee lubes may be dbdato 
Jacketed to assure separation fcbn the heat transtor 
medum. wWch entere the apace aunoundng the 
tubes near the discharge end, and flows counter- 
currently to'the. albumin sdutton beftxe dscharge 
near the feed end of the exchanger. Suitable Bquid 
heat transfer media are water and minerd oQ. 

The temperature d the heat bwider medium Is 
carduBy oontrdied to a temperature oonespontf ng 
to the teget inctoient denaturaHon temperature d 
the albumin. For human serum albumin, the incip- 
ient denaturation range is between 70 C and 
75* C Tempiwatures above 75* can result In sub- 
stanttd InsdutMllzafion of the dbufitti. A dasirabto 
operating range ftjr ttie hed trarvifar median Is 
frem 72 to 74* C. The albumin sdulion Is heated 
rapidly ^ a dngle pess through the hed ex- 
changer from an Intel temperature d 20 to 30 Cto 
an outid temperature of 72 to 73*C. to practfee. 
the reaidenoe time to the hed exchanger can be 
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less than one minute. suOh as from ebout 45 to 55 
seconds. 

As Shown in Rgwe 2. tfisr rapid hosting to an 
incipient denaftiralion temperature lor the slbumtn. 
tfto sphjfion is passed to tfie bilet of « jacketed 
sonication vessel. This vessel may be of smal 
volume, such as from 2S to .4C0 filers. In Ihe 
vessel, there is mounted a sonicator bom for drect 
contact with the solu C on ts it * lloivs through 0w 
vessel. Into the tiottom of the vessel there b Intro* 
ducad a continous Row of sterfle. Sftered air or (he 
sonication proceeos. The air is dispersed in the 
solulion. and rapMly formed into-mlcrospheres. The 
temperature of the solution iri the so nicato i is 
raised a few degrees above Hs.entry temperature, 
the increase being sufficient tojl n aolub ffa e a por]' 
lion of the albumin. For example, from 03 to 3% of 
the sibumifi introduced into the vessel niay be 
denatured and thrown out of eokition to provide the 
encapsulating protoln. Under steady ttow oontf- 
tioru. the control temperatures of ttw solution in the 
sonication vessel can be 74*C a 0.2. The suspen- 
rion ' of microspheres as dischafged trom tfie 
sonication vessel writ have ihto tempen^ure. wtiich 
may be sensed by a te m p er a iure controller, using 
a feedback to a regulator for Am flow rate of the 
heat transfer medium. 

The removed foamy suspertsion. of the micm- 
spheres can be passed through^ a static mixef..but 
this is optionaL If used, the stafic mixer can begin 
to break up the foam, and proviito a homogeneous 
disper^on of the microspheres. As shown in Fig. 4. 
the foamy suspension is passed to a separator and 
concentrator unit which Inctudes a statfc defoamer. 
The microspheres are removed vrilh the sohAon 
flowing over the top of ttie weir. The defsamod 
solulton is removed and passed through a static 
miirer. 'The mixer assures Out Oie mtcrospfienss are 
homogeneously dispersed in the solution. 

Preparation of the ima^^ agent is complete at 
this poinL Albumin microspheres of the desired 
size are within the range frorn i to lO.micions For 
example, they may be predominately sized from .3 
to 6 mlcrorts. The microsphere: concentrate prdter- 
abiy has a concontratkyi in the range trom 400 to 
800 10* microspheres per mHUdter. the suspension 
of the microspheres may be ptBCteged in suitable 
vials under stenle oondifions tor subsequent acknin- 
istretlon as an iltresoric iotaglng agonL , 

Hgure 3 illustrates an aUsfnaiB " s on i catio n ap- 
paratus. Similar sonicator uftits jare obtainable from 
Sontcs & Materials. Oanbury.- CT. A snwil size 
chamlMr can be provided, which may have en 
Internat volume of about 5G to i150 cc. Ihe sonica- 
tor provides a horn wtiioh extehds into the sonica- 
tion chamber, and the chiafflber^hn a cavity-provid* 
ing %vall portion, which as shomh is In the tonn of a 
cup. This cup is arranged to dosely-epaced op- 



posed relation to the sonicator horn. The sontoetor 
hom may extend into the csvity of the sonicator 
cup. Through a passage exnndhig into tfie tscttvn 
of the somcator oup. a premfaced air.'a&wntin sohi- 

6 t>on is introduced. The albimin solution has been 
passed through the heat exchanger, as prevtously 
described, ovl the at is introduced from a aouroe 
of pressuriaed air under steifto c on d i t i on s .- The 
residence time of the. solulton In the aonicttor can 

10 be very short suOh as of flie order of 1 to 20 
seconds. The feamy suspend of elbumin micro- 
spheres as discharged from the sonication cham- 
ber is processed as previously d esc r ibed with nl: 
erence to Rgs. 2 and 4. 

ts in Fig. 5. there is shown an aitamate 
separator.'oonoentrator in the torm %f .a iiinneh 
shaped viesselbqiipped at Its bottom with a valve- 
controHed outleL A series of sudi separatory fwv 
nels may be used, permitting inpement s of the 

so toamy microsphere suspen sion to be held for 
defosning and sin eeparation. The team coSecls 
on top of ihe solution together fvith ovefslae mioo- 
spheie a . Undersbse wtic re sp f ierea oonoantrsto to- 
ward the bottom of the fUrmel. and can be- removed 

as together with the albumin soluSon to be recyded 
as the Rrst drainage fraction trom the funnel The 
next ftactfon wilt co mp rtse the aittumm micro' 
spheres wMdh are passed to a static mixer, as 
previously described, and then to packaging. The 

so final traction removed from the separatory hmnel 
wOl con^rise the reskhial lOam and oversize micro- 
spheres, end is discharged to waste. 

as 0PB1AT1N6 PROf^EDURES 



Feed Preperaltoflj 

Fiu ilw 100 or 200 nter feed tanks with aqueous 
albumin. S%. Pump the afeumin thipugh the filtsre 
at rates between SOmlAnIn to '1L inin. The fitter 
atounrin is placed in the sonication operation's teed 
49 tanks. 



Sorwcatlon: 

a A controlled flow of albumin, between 50 
mUnIn and 1 Pter/min, is transported through a 
heat exclianger. equipped with a feedback* tem- 
perature control loop (tosigned to .control the al' 
t)um]n temperature dunng the sonication process. 

S5 The temperatures of ihe heat transfiar medium and 
the heated, solution are as previously described. A 
filtered gas O-o-* air at 2Socmin to 200 ccmlh) is 
added to the sontaaUon process. This air greatfy 
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enhances csyitstion and formalion of microbubbles 
during me sonication process. Using a sonication 
vessel as shown tn Fg. 2. the total residenoe time 
in the sonication vessel is tjetween IjO and 4 
minutes. The sonication power (or energy) senhiQ 
can be.aet at a finge of 6 to 10 (on a scale of 1 to 
10). The static mixer afler sonication defbams the 
iess dense foam. Optionally, the sonication product 
may be pieced in a hoid^ tuA and mixed before 
pioceedliK) to the separaflon operation. 



SoparationtCoiic en tt a tl o n; 

The sonication operations prDdixt settles out 
beivveen 1-8 hours without agitation in a 
separatOTKoncentrator vessel. When substantiaJty 
all the microspheres have formed a' layer on the 
top. drain approximately two-thinto of the volume 
bom ihe bdnom. Hie top layer is cnicfosphera 
product The bottom layer b returned to the feed 
pwperalion operafion to be recycled. 



OpConal PracBonaliWt i 

Resuspend the microspheres and fUi a 60 ml 
syringe with them. Let Sit 30 nMes. then drain all 
but about the last 3-4 nil into a collection vessel. 
The oversiae microsphefes are left Count a sam- 
ple and calculate the concentration, mean <Sam- 
etar. and percentage less than 10 microns. If less 
than 90% are less than 10 microns, re-fiactionats. 
n required for redisperslon. the concentration may 
be adjusted with 5% human serum albumin. 
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aalms 

I. A sonication method fbr continously produc- 
ing protein encapsulated microspheies. compristng 
the steps of. 

(a) preparing a dilute aqueous solution of a 
heat-denaturable. water-solublB. biocompatible pro- 



^ (b) rapidly heating maemems of nM whi- 
6on to a lempeiaiure of inblpMn! danatmlldn for 
«» pmtsin tul without, appiedabia pralsih bi- 
s jpiuhiB/tf inrTi 

fc) flowing a biooompatflila gas lntt> Inem- 
ments of s«d solution before, during, or after said 
heating for entrainment therein: 

(d) coftiimiousiy passing said gas<or<atning 
10 heatad increments of pratein soUion thmugh a 

chamber enclosing « operoiing sonicalar wWch 
provides a sohicator horn In contact with the sohi- 
don fei the chamber, the rasutting sonicaflon foam- 
ir^ said sohitipn and producing gas microbUbbi^ 
rs (herein while the pratein therein is heated to in- 
solubi&ze a portion thereof; and 

(e) continuousry fbnning stable proteins 
fa pmbrtmrf migfpapteres in the incrB men b of sohi- 
tion pasdng through said chamber. 

30 2. The ffl^hod of dabnl in which said pratein 
is human sennn albun^ 

3. The method of claim 1 in which said eocap- 
sulatad microspheres are predom l naiBly Of dtam- 
eiers less than 10 microns. 

j9 A The method of cWm t in iwMQh said Cham- 
ber has a cavltyixoviding wall portioii arranged In 
cliJMi ipiriwi opposed relation to said sorricstor 
hom, and said gas'containing hemed i im eiiwi tta of 
said solution are introduced into said cavity. 

JO 5. The method of claim i k\ which said protein 
is humen serum albumin and the heating of step 
(|>) is to a te mpera t ure between 70 and 75' C. 

6. The method of dalm 2 in witich said soludon 
contains from 0.5 to 73 percent by weight of said 

as albumia 

7. A sonicafion rnethod for continuously pro- 
ducing pfotein encapsulated rriicrospheres eom- 
prising tfie steps ofc 

(a) piieparing a dUite aqueous aolution of 
40 human serum albumin: 

(b) rapkMy healing tr icreme i tts of said solu- 
tion to a temperature of incipient denaturation for 
the aAHimin without appreciable albumin In- 
sokitiUlzatiofv 

43 (c) flowing stsriie air into the Increments of 

said solution immedately. aher heating said eolu- 
tfoii so that said air is entrained in said solution: 

(d) continuously passing said air-containing 
heated increments of albumin solution through a 

so chamber enclosing an operating sonlcator m con- 
tact with the solution in the chamber lor sonicatlQn 
thereof; the resulting sonication foaming saM solu- 
tion and producing gas mioobubblea while the 
albunrAi therein Is healed to InsolubiHza a portion 

85 thereof; 

(fl) continuously forming stable protein-ert- 
capsulated microspheres in the increments of solu- 
Hon passing through- said dtamber: 
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(f) detioanttng the microspnerxan urtno so- 
lution and Mparating air ttmfrom: and 

(9) wcowo rin g ihe encapsuteted mioro- 
tpheros. 

8. Tho method of tialm 7 in which the heating 
of step (b) is to a temperaturB bet w oc n 70 and 
75'C. 

9. The method of daim 7 or claim 8 in Mdiidi 
said solutian contains Irom OS to 7S% by weKjM 
of said albumin. 

10. The method of daim 7 or daftn 8 in wNch 
said solution contains from 0.5 to 3% by weight of 
saidattMmin. 
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0 An ultrasonic imaging agent te produced by a 
oonttnuous aonication processing of an aQueous ai^ 
bjtfon of fie8t*denatijfat>le'biooompafibto proialn. The 
solution is carefiilty preheated to a temperature of 
incipient protein deneturstion without forming in* 
solubilized protein. A gaseous fluid, pieferatiiy air. is 



ft^kl^ to the solution. In the sonicafion, the rir* 
containing eolufion is foamed. Inaieasing the formd> 
Hon and concentrstion of mIcrotMibtrfes. and the so* 
hjt'on b further heated to insofabiBJO a portion of the 
proteirx tfierefay encapsutafing ftw microbubblee and 
fofming partteutate microspheres. 



FIG I 



EurapMfi. 




EUROPEAN SEARCH 
REPORT 



AppficsSon Number 
EP 89 11 6982 



DOCUMENTS CONSIDERED TO BE RELEVANT 



OA 
OA 



EP-A4224934 (FBNSTBN. S^) 

EP-A-0324 838 (MCH.ECULAR BIOSYSTEMS tNC^ 
* Page a, 6ne 48- page 5. 6ne 35: claims 1*1S * ' 



The Hague 



23 May 91 



OASSnCXnOHOFDC 



1-10 



1-10 



A61K4 
A61K05O 



A61 B 



STTCHWA.C. 



St •wOcrpatantd 
Ot decamntclM 



